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NATIONAL ADVISORY COLNITTEE FOR AERONAUTICS

TECENICAL NOTE NO. 1008

ANATYSIS ARD KODIFICATION OF THEORY FOR = A
IMPACT OF SEAPLANES ON WATER
By Wilbur L. Mayo.

SUMMARY

An analysis of avallable theory on ssaplane impact
and a proposed modification thereto are presented. - In
previous methods the over-all momentum of the float and
virtuel mass has been sssumed to remain comnstant during
the impact but the present analysis shows that this
assumption is rigorously corresct only when the resultant
velocity of the float is normal to the keel. (The proposed
modification chiefly involves consideration of the fact
that forward veloclty of the seaplane float causes
momentum to be passed into the hvdrodvnamic downwosﬁ)(an
action that 1s the entire consideration in the case of -
the planing floet) and consideration of the fact that,
for an Impact with trim, the rate of penetration is :
determined not only oy the veloclty component normal to
the keel but also by the velocity component parallel to
the keel, which tends to reduce the penetration.

The analysis of previous treatments includes a
dlscussion of each of the Important contributions to o
the solution of the Impact probhlemn. (The development of
The concept . of. flow in transverse planes, the momentum' '
equations, the aspect-ratio corrections, the effect of ~
the generated wave on the virtual mass, the distribubtion
of surface pressure, and the.conditlons for meximum '
impact force are discussed in detall) .Impact trmatments ™
besed on flow in longitudinal planes, as for bodises of
very high aspect ratio, have:-been omltted since they-
seemoed to be of no interesat for the 'problem of the typical
float, N

The momentum passed bo the downwash is evaluated as
the product of the momentun of the flow in the tfansﬁerSe,
plane at the step by the rate at which such planesislide’
off the step. Simple equations are glven that permit the
nse of planing data to evaluate empirically the momentum
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of the flow in the transverse plsenée at the step. On
the basis of such study, modlficatlion of (the general
equations of the previous theory 1s supplemented by
substantial improvement in the Fformula for the momentum
of the flow 1n the plane element) Thils improvement can
he macde because the flow in the plane is independent—of
the flight-path sngls.

IExperimental data for planing, obliqus impact, and
vertical drop are used to show that the accuracy of—the
proposed theory 1s gomi) Nagner'!s theory, which has been
the mcost popular theoryup to ths present, is compared
with the new theory and with recent—data For oblique
impacts, (The data show that the loads calculated by
Wagnen s /equation are excesslve, particularly for high
trimsv VUse .in this equation of the proposed formula
for the Monientum of the flow in the planes reduces th
calculated Force but the values are still excessived

INTRODUCTICON

A number of theoretical papers on the impact of
seaplanes .on water were publlshed betwesn 1929 and 1938
but ths proposals presentsd were not generally accepted.
Because an adequate theory on whlch to base revision of
deslgn .requirements was needed, an analysis of previously
published work was undertaken at the Langley Memorial
Aeronautical Lgboratory.

The' analysis was concerned chiefly with the treat-
ments tiat tool proper cognizance ol the low aspect ratic
of the sedplans float, (These treatments were commonly
hased on the assumptilion that the over-gll momentum of
the seaplane and hydrodynamic virtual mass remalns con-
stant during the Impact. The'chlefl difference between
the tpeatments was in the deterrination of =the magnitude
of the virtual mass*D :

Ir.. the present paper a critical survey ‘af the previous
treatments and & ‘proposed ‘theory are ‘presented. Incon-
sistencles in the previous theory, which appear to
invalidate 1t when a component of motion parallel to the
kesl exlsts, are shown. The proposed theory, based
essentially on msccepted physfical concepts, provides a
loglcally comsistent snd unifisd treatment, whlch 1s
applicable through the entlre range of oblique Impact,
Including the end point of the planing float. Planing
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Sata and data for oblique and vertical impacts made in. )
the Langley lmpact basin are analyzed %o show the general
applicability of the proposed methods. T

A similar analysis and modification was prepared
in 1941 but was gilven only limited circulation. Further
development followed..as more modern test results,
particularly those from the Langley impact basin, became
avallable. Eghe present report has been preparsd in order
to give the Theory in a form considerably shorter and -
better confirmed by experiment than the garlier varsion§

SYMBOLS T

€ angle of dead rise o

s angle between flight path and plane of water
surface

T angle of hull keel with respect to plane of water
surface

v ..H-ﬁésﬁltant,yeigc;ty R | R _—

Vv . vertical véidéify'

Vv, :ﬁéf%icéi veldgit§ atfinstant of contact

Vn - .velociﬁy npfmél to keel 3 .

Vng vélocity normal to kesl at,instaﬁt Qf_contggﬁi f;j;

m mess of seaplane ' o Cr e

My mass of seaplane corrscted fbr-ecoentric impaét

. virtual mass assoclated with hydrodynamic Flow
beneath float '

x half-width of flat-plate equiyalggt_gf_bottom N

|2 length-of;wetted .ares

¥ depth of 1mnersion, normal to plane of water

facs e
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t , time
u effective bottom slope (dy/dx)
F resultant hydrodynamic forcs
ni, ~  maximum hydrodynamlc force mnormel to plane of
max . water surface divided by welight of seaplane )
w "-'ﬁotal weiéht of seaplané L
2 éccelerétion of gravity
p mass denslty of fluid

Where units are not specified any consistent system of
unlts may be used. ' '

[y
I3

REVIEWY OF PREVIOUS LITERATURE
von Kdrmdn
Bagic theory.~ The earliest impact fheory, and

apparently that upon which all subsequent work has been
based;, was advanced by von Kdrmdn (refsrence 1).

Von Kdrmén considers a wedge-shape body dropped
vertically into a horizontal water surface; the total
momentum of the wedge. and.the -virtual msss of the flow
are agssumed to remain constant. Wlith the assumptlion of
two-dimensional flow in planes normal to the kgsl 1line,
von Keérmdn considers that at each instant the virtual
mass 1s equal to the mass of wabter contalned in a semi-
cylinder of length equal to the length of the wedgse and
of dismeter equal to the width of the wedge at the plane
of the wabter surfesce. The followling asketch is a cross-
gecticnal view of the wedge and the water mass:

g

e
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The_mcmentumiequation of reference 1 ‘45 written

—— [ -
ot

mVﬁéj;ij§”+i%pﬁx21Vv ff“.iﬁ.‘j”'(l}f

This equation leads to the following equation For foroed

Py

Wy “pmxl cot .

- B T R G
e .anZL 3\ PR L A
11+ 2m""

n the case of the flat bottom the force equation. (2)
yilelds en.infinite force. Von K&rmén considers the effect
of compressibility of the water in reducing these loads
for the flat bottom. 'In reference 1, for a vertical
velocity of about 6 feet per second, a pressure of the
order of |25 pounds per sSqusre inch is calculated and
the elasticity of the structure 1s concludel- to be an
Iimportant consideration in such a cdse,

Comparison with tests.~ Von Karmén divides the force
equation (2) by the area of the- float in the plane of .
the water surface to obtain an average pressure and com-
pares thls average pressure at the instant of contact
(that is, for very small -valuds of x) with_the experi-
mental. pressures reported in refererce.2. Von Kérman
observes that this equastion agrees - mpproximately with
the pressure data 1if ..the vertical velocity is assumed
to be of the order of thé sincing speed before flare off,

Later tests Show that the flare off during landing
reduces the wsrtical velociby at contact to a fraction
of the sinking speed of the airplane before. flare-off.
Furthermore, local pressures may be .considerably greater
than the average pressure. Data from tests of a modern
flying boal, whilch included meassured vertiecal velocitiles,
showed pressures much greater than those computed by
von Karman’s formula.

Pabst

Introduction of V., mp, and aspect =ratio

correction,-'Pabst (refersnce 5) considers the velocity
of penetratlion to be represented by the veloclty normal
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to the keel. rathér than-by the wvebtical .wvelocity. The
two velocitles may be gquite differsnt when the trlm 1s
not zero; for example, in the 1limiting case of a pure
planing motion, the resultant velocity may have a large
component normsl to the keel but the vertlcal component
of velocity 1s equal %to gzero. The full impllcztions of
this-change will be developéd in subseguent discussion.

Pabst also points dut in reference 3 that, 1f the
point of impact is .not directly below the center of
gravity, the eccentricity;of the.impact 18 taken into
consldergtion by mu;tiplying”the mass of the seaplane m

by the factor -qf—£—~—, in which 1 is the radius of

12 4 p@
gyration of.the -alrplane about the center Qf gravity and
r .is the distance from .the. center_ of pressuré to the
center of gravity. This reduction- of ,tho mass Introduces
two problems. Flrst, instead of the. decrease 1n veloclty
according to .impact theory previously developed, V, may
actually incregse during the Impsact dus to change 1In trim
and the peak force mdy occur ~ at an incresased rather than
a reduced V,. Second, the reduced mass of the seaplane
will %ary during the impact 'as.g result of the variation
of the eccentricity of the imnaot due to shift of the
contbter .of prsssure. '

. By apnlving these modificaticns and 1ntroduoing an
emplrically determined aspect-ratio factor in the equation
originally ‘given by von. Karman, Pabst obtained the
following equation for the impact force:

'r"r e : . - A - ' _ z
- “" L S - nlw' 5 . s ())
. 1 +.ﬁ;

in which.:the wvirtual mass m, is equal to *E Zl(l - f)
when 1 'is''greater than 2x and thelfactor 1 - T is

an emrirical aspect=ratic correction (determined by
vibration of submerged plates).

In a later publication (reference h) Pabst presents
the following equation, which 1s arparently an empirical
revision of-his first equatlon’ (equatlon {(3)):
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1
Vh02p120.786e_0’11h'§ cot B R

B =

in which 120.786e'0'llh'i replaces the term .mwi{xl - 2x2
of equation (3). The virtual mass in equation (l}) is

m %2 (1 _ o 850 —-—35——-
2 v'LZ + Lx2 + Lx2
instead of
woxZ1 X
‘p“r'(l - T)

as in equation (3).

A formulg for meximum pressure that is the same a§
that of von Kdrmdn except for the replacement of Vv
by Vn 1s presented by Pabst in reference 3

Elagstlicity.~ Pabst's consideration of the flat-
bottom flost (an angle of dead rise of 0°) is concerned
with the erffect of elasticity of the seaplane in deter-
mining the hydrodynamic force. Pabst presents equatiohs
for various spring-and-mass combinations but obtalns =a
solution only for the case of a rigid massless float
connected to a rigid seaplsne by a massless spring.

As has been noted, when the effect of elasticity

is neglected, a theoretical curve of impact force against
angle of dead rise approaches infinity as the angle of
dead rise approaches zero. In order to take into account
elasticlity at low angles of dead rise without meking a
complete analysis, Pabst proposes that, in the low-anglé"
range, the curve be changed into its tangent passing
through the point calculated for o° angle of dead rise.

Comparison with tests.- A pointorepresenting force

1
recorded on Bottomley's float of 205 angle of dead rise

(reference 5), which apparently was corrected to 10° by
one ofoPabst's equations In order to correspond to Pabst's data

for 9— angle of dead rise, was found to lie between the
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rigid-body curve and the tangent line drawn to approxi-
mate the effects of elastliclity of the structure at small
angles of dead rise. Although thls agreement 1s good,
further study indicates that Pabsat's equetlon can agree
with Bottomley's data only within a very limited velocity
range.

Pabst presents flight data in & plot ofvertical
force on-the . float agalnst the longitudinal position of
the hydrodynamic center of pressure (reference Ly, 1f
the loaded area 1s assumed to be proportional to the
distance of the center of pressure from the step, the
slope of a line from the step location on the abscissa
of this plot to an experimentml polnt represents an
average pressure for the impact represented by the point.
For a particular seaplane, on the baesls that—the aversage
pressure 1s determined chlefly by the flight parameters
and that the flight parameters causing highest pressures
are approached for various positions of the center of
pressure (variation of the center-of-pressure position
due chilefly to seaway),. the maximum points for positions
of the center of pressure ranging from the step to the
center .of: tha float tend. to lie along the same sloping
line. =+ o i .

The experimental program oonducted by Pabst con-
sisted-ofi successlive teats of flat and V-bottom floats
installed on the same seaplane., Limit lines of the type
diseussed 4in the previous paragraph were drawn for both
sets -of data. .Pabst showed that the ratlio of the slopes
of these experimental limit lines was 0.8 and observed
that the . theoretical ratio of the slopes of these lines
was 0.7, (reference l).

Pabstt!s correlstion of flipght data shows that—the
theory gives yvalues of the. proper order; howsver, the
accuracy of thercorrelation is questionahle because of -
the: many approximations involved. In drawing and inter-
preting the-limit lines, computing ths flgt-bottom
forte, and' computing the V-bottom force, Aslde from
these uncertainties, direct proof of the theory requires
evaluation of the absolute slope of these lines rgther
than thelr relative slopes, . .

Wagner

v Virtual mass.- With the objéct of approximately
'“acoountlng for the wave generated by the float, Wagner
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(referencee 6 and: 7) presents a solution which gives a
value,of the virtual mass differént from that of.

von Karman and Pabst.. As has beéen notéd: s von - Karm

and Pabst- defined the virtual mass (for tWo dimensional
flow) as the mdss of the volume of fluid ‘contained 'in a
semicylinder of dlameter equali-to-.the width of the float
in''the plane of the water surface. This virtuasl mass
corresponds to one-half that given by conventionali. -
hydrodynamic theory for. submerged motion of ellipses._
with width equdl to- the width of the float in the plane
of  the water surface ‘and ‘therefore constitutes a first’
approximation for’ the case of an object passing through
the water.. surface.

Wagner cbnsidered that, since the Water displaced
by an® Immersing flodt’ rises along the sides of:the leat
the width ofirthe wettdd”surface. ard -the virtual mass of
the flow are greater then those based on  the - float*width
'In tHe plane of the undisturbed water surface. ‘T order
to evaluate the increa¥ed width, Wagner assuméd. that the >
particles. at the top of, the upflow or generated wave h
move vertically upward and with differericés in olevation
due to Slope of the generated_wave neglected, these-.
particlés move 1n accordance with the following equation”
for the velegity distributlion in the plane of a flat '
plate in immersed motion (reference 6):

(5)

where

v, veloclty of particle passing through plane of R
plate iIn getting asround the plate . . o

v velocity of free strean rclative to ﬁlate{ |

Xp distance from particle in plane of. plate to N

center of plate (x > x) , L "

Considering x as the float width at the top of
the wave and Xp as the dlstance from a particle In .
the wave to the plane of symmetry of the float, Wagner
integrated equation (5) to determine x as a function
of the depth of immersion. For the case of triangular
cross section, solution for x yilelded a wvaluse equal
to m/2 times the half-width of the float in the plane
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of the water .surface. ‘Wagner defined the virtual mass

as the mass of a semlcylinder with diameter es§ual to 2x.
Thus, for. the - case of. the triangular-V-bottom, the virtual
mass specified by Wagner is . (w/2)2 times. the virtual
mass apecified by wvon Karmén and Pabst. Theé significance
of this -difference .lg-evident from the fact that it

results in a 2.l;7:1 incresse of thefforce calculated foﬁi-

a specific draft. and velocity.. ' - .70

. Whe assumptions that the particles in the wave move
vertically according to equation (5) and that the float’
width at ‘the top of the wave determines the virtual massi
Seem Vvery arbitrary. The most direct -evidence that the

more exact solution for the case of trianguldr cross
secticn glves values that are substantlally -different.
Although. the -method is inadequate it remains importent
because a better solution for the case of the float
bottom with transverse curvature has not been provided.

Fressure distribution.- Continuing along the same
lines’, Wagner (reference 6) stated that the maximum’
presstre exists at-the top of the calculated wawe and
equals the dynemic pressure based on ‘a velocity equal to
the increase of the float half-widtli'at this point.  If
the mementum of the float—and thé .vlirtual mass is
assumed constant this equation for maximum pressure l1s

S 2
Pax = B Sy 5 (6)
max -~ 2 M 2
(é + —%) u
m
where i
Ppiax maximun pressure ' _
Vo - initlel rate of effective penetratlion, o
° Vg Ha (V= Vwi)T + VyTy  (approx equdf

to  Vp)
Vwi wind veloclity
Vg -~ wave velocity

Tw  &8ngle of wave slope
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Bquation .(6) appearks” to be somewhat arbifféry but no
impriovement in the sduation has heen-. clearly Justified
up £o. the present.:: The present paper,: however, gives .

- an-improved theoreftlcal method for determining the '
instanfansous velocimies subsethnt to the’ initial oon-
tact velocitilesi..riru: SRS : oL

-Wagner présanted the folléﬁing"équation for deter-
mining - the pressures, other than -the’ maximum, on the
bottom at a glven instant- ‘ ;

2 . .

where. . =& ¢ Lo rio o o T

P pressure at a point xp <. x (curve to be faired
into solution of equation (6) for xp = x)

Xp horizontal distance from peoint for which pressure

1s calculated teo center of float

Wagner obtained. equation (7) from.a-solution of the

equation o . ] R SE
b 5? 18 L ]:l'--_l(sfff
o] - B-E 2\ox MR S SO
whepe l _ : : _
g veloclty potential in plane of flat plate

- ‘] 2 - 2
( Vi x Xp

Equation (8) is incomplete becanse' '‘a ‘tern representing
the dynamic head of the free stregm’ iSWIacking. The
force increase obtained when equation (3) is corrected
is, for. conwentional angles of deadﬂrise of the order
of 10; Pergent, - e
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The. validity of the assumed wveloclty potential 1s
somewhat uncertain. Comparison. of solutions of equa-~
tions (6) and (7) with experiment has shown that the
principsgl factors are approximated :ibut. the experimental
data have been complicated by seaway and other. factors
vhich have not permitted adequate svaluation.

Force equations.~ Except ror- the following differences
Wagner's force equatlon 1s the same as that advanced by
von Karmédrn o

(1) The new method of obtaining the virtual mass 1s
: incorporated. - : :

(2) The velocity used in ths momentum equation is
defined differently.

(3} The equation i1s written as an integral for a
non“ectangular preasure gresa,

() Reduction of the seaplane mass for the case of
eccentric impact is contemnlated.

The force equation given by Wagner {(references 6 and T)
is:

5 1
F "% x o (9)
. B ( My 5 u
Wl o+
T

Wagner limlted this equation to angles of dead rlse

less than 300, Without gilving theoretical justification
Wagner hecormmended that the equation be multiplied by
the following factor i1f the angle of dead rilse 1s less
than 109! '

log % (10)

where . o -

B - angle of -slope of hull bottom at edge of lmpact
- area, rgdians -

If the float 1is a:fluted»prism and 1s at zero trim,
u 1is determined by x and ils independent of 1. For
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a particular combination of u and x, use of an :
increased value of 1 results in.an increase in inpact
area but a decrease in velocity hecause the virtual B
mass.-1s greater. By partial differentiation .oflthgis 7 -
force equation with respect to. 7. the force  for a T
particular valile of x .J(and u) <cean'be shown to be.a '

meximum when .7 . i3 such that . S o

Do 11y
m .

miH

Wagner derived this relationship and substltuted it in
equation (9) to obtain the following equation

[ SR Oi%Vé}'Oanr- TR T i ¥

Fmaxx - ux - . _(12) -

where . | e

Fpax.: Meximum value of force that can occur for &
E perticular value of x regardless of 'the
lmpact length - L Ce

' The procedure for using equation {12) 13 to deter-_
mine first the value of % fop. @which Eﬁ'- 21 when the.

length of the impact area 1s, egual t0~the length of “the -
forebody of the seaplane. TFor smaller valuesof x the
critical length is greater than the length of the float
and therefore equation (12) is"not valid. For larger
values of x the critical lengths will be less than the
length of the float and the statistical varlation of the,.
length of the impact area in seaway is assumed ta pérmit
the critical length and maxlmum force -for each of the -
larger values of x to be attained during the life of
the float. Wagner states that équation (12) is to be
solved by means of trial-and-error substitutlon of these
larger values of x 1in combinatlon with corresponding
values of uj - thus- the'value of x' is determined for
which a maximum value.of .the maximum forces W1thin the
range of the formula exists. R

If -u- in equetian (12) is considéred to be a
constant, as for- -the’ case of a- ‘friangular’ prismgtic
float, it is obvious.that the-eduation will give ™ z
meximum force when g minimum value of x 1is subst*tuted B}

> -
o v -
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By substituting the minimum value of x _to which this

squation”was limited sand substituting the .value of u for
a trlangular prismatic float, Waggner aobtalned.the lollowing
equatlion: for the- mayimum forca on such 8 float-

g v 2 T T
) 0.835 | Ptmaxm# | | (13)
B - . .

where - - - T e mE ST T =

Fmgx

Fmex ﬁaximum hydrodynamic force

) length of the forebody of the float

max
It should be remembersd that equatlions(1l2) and (13)
are based on a relatlonship between x and 1 which was
so derived that the- force calculated for a particular
value. of x 1s greater than 1t would have been 1f 1
had been either greater or smaller, The maximum force
during the Impact time history of a trlangular prlsmatic
float, however, will occur at a wvalue of =x less than
that to which eguation (13) must be limited, that is,
at a value of x for which the..force would be greater -
if the float were longer. Solution of this problem
(reference 8) has shown that equation (13) should be
derived from the relationship

My 1 L
m 5 . _ . I (1)
rather than from -
w1 _ .
m 2 _ ' '

The effect of auch correction is to increase the caléu-
lated maximum force for the tniangular prlsmatio ‘float
by 2. percent.

Wagnér (reference 6) worked.hvpothatical examples.
in which his equations gave values of ths proper order,
but he did not correlate the. equations wilth any experi-
mental data. :

Jmproved solution for the ‘flow beneath.an imﬂéréing
triangular prism.- By means of an-iteratliocn process, the
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details of: which are not given, Wagner (reference 7)
made a rather exsact--solution for the flow beneath an
immerging triangular prism with -an -angle of dead rise

of 18°, This solution’ involved only one flow pattern,
since similar but enlarged flow patterns were assumed

to exigt at.all times. This .assumption 1s reasonable
since bobth the_previous‘definitions of the virtusl mass
for the case of .fthe lmmersing triangular prism had been -
on that basis.

Rather than make separate calculations for other
angles of dead rise, Wagner estimated the effect of
angle .of dead rise by writinu the: equation of an. arbitrary
curve ‘that passes thro the calculated point:fer an !
angle of dead’'rise..of: 1 and that asymptotically . T
approaches zero force at an angle of dead rise of 90°
and infinite force at an angle of dead rise of 0°. The
force equation written by Wagner was only for constant-
veloclty lmmersion, and gave for vertlcal penetration

_ 5 e
n;i:'#é%f’ > é%ﬁyzf' - (15) :

This eguation was used by.Sydowuto evaluate the virtual
mass, which+ was then applied in formulas for variable- . _
veloclty impact. -This work is discussed In_a subsequent
gection of. the preeent paper. )

K

Mewes

Mewes wrote Wagner!'!s equations in terms of accelera-
tion rather than force (reference 9).

The equation for curved bottOms as Writuen by Mlewes -
was limited to mass loadings.high enough to cause peak
force to occur at maxlmum float width. The form coef-
ficient' u, which Wagner determined by an iIntegration
process for each float form,:was approximated by Hewes
In an expresslon that contains the . .angle ¢f dead rise at
the keel, the angle of dead -rise. ak: the”chHine, .and the
distance between the side of tkhe float and the point of
intersection of tangent lines to the bottom surface at
the keel and the chine. He also:pressnted an appraxi-
mation to Wagner's correction factor for finite angle of
dead rise (equation (10)) P L o

CE LT Ll b |

. -
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Mewes! equatlon for « Fpgx for the triangular
prismatic float is not obtained directly from Wagner!'s
bub-1t may be obtaihed by incorporating the correction
of equation (13), which was previously discussed.

 Mewss glves an equation Ffor the flat-bottom float,
which  apparently was obtained by substitution of values
for the structural elasticlbty in Pabst!s equatlion.,

Taub )
Taub's study (reference 10) did not introduce new
theoretical concepts. Rather, it used Wagner's theory
to predict the effect of design trends on design loads.

Schmieden

Schmieden's snalysis (reference 11) assumed that the
impsct sares at different stages of the. lmpact process
consists of similar ellipses aid that the flow action 1is
of the type specified by Wagher. In thls way he obtalned
an equation that, because of its gasumed reletlonship
between x and 1, took into account grewth of virtual
mass due to-both growth of width and.growth of length of
the wetted area. Although this analysis was carefully
developed, the simplifying agsgsumptions with regard to
hull shape and manner of contact with seaway prevent
this case from being of great practlical interest.

Weinig

Weinig used previous theory to indicate the erlffect
of deformation of the hull cross section on the lmpact
force (reference- 12). The types of deflection he con-
sidered are too simple to represent the deformations -
o’ an actual seaplane hull but the magnitudes calculated
indicate that. the structural elasticity of the bottom
proper of a V-bottom seaplane will have llttle effect
on the resultant hydrdédynamic force.

Sydow
Sourca of virtual mass.- The momentum equatlion used

in previous theory gives, -in general terms, the following
value for the hydrodyneamic force
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For the constant-velocity case solved by Wagner in
obtaining equation (15) the first term of equation (16)
is 0. By equating the remaining term to equation (15)
and integrating, Sydow (reference 8) obtained a valus
for myg that he used to effect a variable-velocity
solution.

The value of my obtained by Sydow s =~ - - .

iy = 11(3.:. - >2pzyz ST an

2\2p - :

. . . yo
For the more or less standard angle of dead rise o? 222
this wvalue of "is 1.56 times the virtual mass given

by von Xdrmén and 0.56 tlmes the virtual mass given by
Wagner in his genseral solution. The theoretical basis
of equatiocr®(17) l1s more sound than that of] the previous
definitions; ‘the importance of .the differences 1s shown
by the fact that for equivalent instantaneous conditlons
these ratios of virtual mess can be regarded ss forecs
ratios.

Force equations.- By using the new formula for
virtual mass, in von Kdrmén's equation, Sydow obtained
the folliowing force egquation: L

g V{;,Ozﬁpl . > e
o= e 5<2-5 - 1) ¥ (18)
Ty
Equation (18) and prévious impact equations'are based on

the assumption of a weightless mass. Sydcw derived a
second equation for a drop test, which included tim
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momentum Gue to the welght scting for the- time of the
impact. This equation for af{dropitest wlll not be

discussed herein becsuse it 1s not readlly comparable
with the previous equations and because the previous
equations are more representative of seaplane lmpact,

for which the wing 1i1ft approximately balances Lhe welght.

In his consideration of elasticity, Sydow included
equations for the float hoth with welight andg without
welght. Thils treatment—diwvided the total mass Info a
hull mass and an upper mass spring-connected to each
other, Equatlons were written both for wide Iloats
and for- floats sufificiently narrow to cause maxlimum
force. on'the 'sprung mass to. occur after the chines are
immersed. The equations for theso cases will not be
dlscussed beczuse they are not necessary for an evalua-
tion of the baslc hydrodynamic theory.

Jomparison with experiments= &4n experimental check
is obFginad for vertical drcp of hull masses (angles of
dead rise of 09, 10°; 20°, and 30°) spring-comnected to
an upper mass. The drop datw are corrected for the
effect of gravity by theoretically derived factors and
compared with computed values for - the case of wing 1ift,
The spring constant 1s modifled to fit%t the data. This
modification is assumed to represent the erffect of. the
elasticity of.the bottom proper., Becausse of this modi-
fication and other approximations -the exact accuracy of
the theory is not established, The hydrodynamic theory
used by Sydow, however, appears to give approximately
correct results for.vertical drop of= trlangular prism
at zero. trim into smooth water.. ' ' o

Kreps

Kreps (reference 13) used Wagner's treatment of the
virtual mass, The finite-keel factor recommended by
Kreps differs, however, from that advanced by Wagner,

The aspect-ratio factor determined expecrimentally by
Pabst-was Incorparated in Kreps definition of the virtual
mass, '

One idea was advanced by Ereps that had not been
included in the prsvious theory. This idea was the
inclusion of a force term representlng the reslistence
of the instantaneous flow pattern in addition to the
force previously assdclated with.the rate of change of

sy
BOWMAT Ok

Bl

!
s
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the - f16w pattern. The new term made use of. the famililar
flat-plate ‘alr-drag coefficient of 1.28. In addition to

the fact that this coefficient 1s of doubtful velldity,

the theoretical soundness of the entire term 1s questilionable.
This subject will be discussed: further in a subsequent
section of this report. . L

The equatlons proposed by EKreps were_used by him
to interpret drop~test data for floats having angles of
dead rise up to -30°., This analysis was not a direct
comparison of theoretlcal and experimental force values;
instead study of the total velocity dissipated during
the impact part of the immersion was involved. Approximate
-agreement of the theory with drop-test data was Indlcated.

i
d

 PROPOSED THEORY "' =+ " ie.

Increagse of flow momentum in fixed planes.- For a
long narrow prisumatic float iIn wvertical drpp atbt..
zero trim, the flow will occur primarily.in transverse
planes n0rma1 to the. water surface. When the float in
vertical ‘drop is considered to have & brim . angle with
respect to the water surface, since fluld particleS'will
-be accelerated normal to.the plating, the transverse
planes must be considered normal to the keel rather than
to the water surface.' The flow in a plane for'a particular
depth and :veloclity of ‘the lmmersing cross sectlion is .
substantially the same:as for. zero trim. . The’ differense
- in the depth.of the keel at different points along. the -
length sets up lohgitudinal pressure gradients.and-. ..
thereby changes the cross-plane-flow and end effects, ..
but the effect of these longitudinal variatlions .and..of’..
inite keel length will, as in previous treatments, be-:
approximatsd by the aspect ratio factor. S _-;;f

-

For -oblique impact the motion of the float can be
analyzed 'in terms of the component motlions parsllel’ and.
"'perpendicular to the keel. If -the float 1s prismatic )
and the nose projects beyond the water surface, the:-. !~
motion parallel to the keel does not cause any change
of ‘the float cross section in thée transverss flow
planes, which are Tregarded as flxed in space.~wThis-:!-
statementﬂapplies to the flow planes as long as they -
remglin dlrectly berieath.- the float; when the step passes
through the flow plane, ‘the intersected float cross .
section instently vaenishes and the plane becomes. part
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of the .wake: 6f the .float. Flgure 1 shows the Inclined
float, the 'veloclty components, and a normal flow

- LI Ty e —_—

plane_." s ..F"'-' * T SV .o - - .- s o . - . -

For the commonly assumed.frictionless fluld,
motion of the float perpendicular to.the statlonary flow
planes has no effect—on the effective cross sectlion of
the float within the plane and will not-affect the flow
within the plane in any way. Thus the flow 1ln the plane
will be. determined by the manner of growth of the lnter-
sected float .form without regard to the fact that cross-
“plane veloclty of the float causes different cross
sections of ‘the float to be in contact with the plane
at different times. The flow process within a partlcular
flow plane will properly begin when the keel at the water
surface reaches that flow plane. Beginning at this
instant the keel line. of the Ffloat will penetrate the
plane at wvelocity V. until the plane slides off the
rear of the [loat. %he preasures reglstersd in the
plane at any instant should, for the considered float
in an ideal fluid, be the ssme as if similar enlargement
of tke float sectidn within the plane occurred in an
equivalent' V, vertical penetration. ¥For vertlcal
penetration the flow plane is in contact with only one
cross sectlon of the float  but for an obligue impact the
flow plane 1s progressively in contact with all.sectlons,.

.. In the preceding discussion, if a float of uniform
cross:i.section had not been assumed the motion parallel
to tke keel would.have been seen to cause an lncrease
in tre intersected float cross section In the flow planes
benesth the float. If the longitudinal curvature is
not too great, the flow will still occur primarily in .
planes normal to a base line parallel to the keel at the
step. -The primary effects of the combined motilons ook
normal and parallel to the keel will be approximately .
represented if the reactions in fixed flow planes normal
to*the keel.at the step are computed on the basls of the
absolute increase of the intersected float, grass .sgctlion

in erch plane as determined by the combined moftions of the

floatb ) , - C oot .

The siummation .of :the .regctlons of the individual
flow planss being acted-upon by:-the float must egqual the
total rate of change of._the momentum of -the -fiuid.

Since my,V, 1s delfimed -as. "the momentum of.:the. flow
directly beneath the float (that flow which affects. the
acceleration derlvetive), the rate :of chdnge of the

ia
A
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momentum of the flow directly beneath the float

is dtcmw A} In ‘order to obtain the total rate of ohange

of the momentum of the fluld, however, the rate at whilch
moméntum is imparted to the downwash In connection with
flow planes sliding off the step must be added. Where

mg -Is the virtual mass of the plane at the step as
included in the determination of my, the rate of
momentum passage to the downwash is equéal to the momentum
of this plane multiplied by  the number of planes sliding
of'f the- step per unit time" Thus' the complete equation
is

.

_ 4. LT
P = gl msvnvp o '::._(.-1.-_9-.)._
Fn hydrodynamic force in the Vp-direction
© Mg "virtual mass of flow plane at step (per unit'

distance in keel directian)

veloclty of the float parallel to keel (rate )

at which flow nlanes slide along keel and offi
step) .

In a subsequent section.of the present'report the

.same force equation is derived by integrating the force

along the float.,” The solution is made for fixed- trim;

if the loddl perietration’ velocity and acceleration are

treated ad varisbles along the kesl however variable- '

trim solutions can be obtained.. . :

The present report 1s ohlefly oonoerned with the
net force on the -float due ito the ‘total change of riomentum
in the. flow planes.-: The vardiation along the keel of . the
instentaneous rsaction of .the :individual flow planes,
howe ver, determines the instantaneous lengthwise distribu-
tion of the total load. Further, the pressure distrilbu-
tion in the transverse planss glves the pressure distri-.
bution over the bottom area.  Previous impact theory.
concerning the pressure distribution in a flow vplane is
directly applicable .to ,the praposed. theory If the velocity
and acceleration of the float cross- seotion are defined .
by the theory proposed.hereln.- s t :_._J."L__'":y

Cumparison with : previous theory.- Erevious Impact
theory .was. -based on .bhe: assumpblon . that the. momentum
of..the seaplane and - virtuysl mass remdins-constant.

—-
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during thse impact. Such an assumption requires that the

second term of equation (19) be U, but this term is 0O :
only when - Vi, 1s the resultant velocity (that 1is,

Vv, = 0). _
p . ; - ) o 3 - - . . . B - ) ,_-t___

For the. prismatic float w1th bow above the water
surface (at positive, trlm) the velocity component of
the float parailel to the xeel doea.not cause change
of--the momentum in the hormal flow’ planes and tHére fore
is. without fords: effect. This conditlon means that the
effect on the:'lnstantaneocus force of. the rate of momsntum -
passage to the downwash due to a ¥eIlocity component
parallel to the keel 1s balanced by the effect of this
ve loclty component lnpicausing (owing to its vertical
component) less incredse of the ¥irtual mass. For this
condition that .the veloclty component parallel to the
keel cdoes not affect the instantaneous force for a glven
¢raft and wveloclty, the previous theory would be : :
justiflied in neglecting the velocity parallel to the sz
keel 1f 'the force equation had been wpltten in terms of . ea—
the 1instantanecus velocity and draft.”” The eérror of the
previous theory for this casg lies in the fact that in
setting up the: force equatjon, the total momentum of
the seaplane and virtual mass was assumed to be con-
stant (see equation (1)) and the momentum left behind
in the. downwagsh: was: therebhy neglected, .

With regard to penetration, the error in the
previous theory 1s that Vy, sin T was not subtracted
rom the penétratlion velocity. that exists for V, alone.

Actually, this neglected term.may cause the seaplane to .
be climblng at a time that V, 1s of large magnitude

in a cownward direction. Consideration of this term
legds to.small penetrations and small Fforces for low
flight-path angles, but the previous theory .(for the
normal. range of trims, essentialiy a sclution for . .
verticsal drop) aslways glves large penetrations and . . . ) L
forces., Thils theory gives no valugs of the maximim

‘penetration; it was explained thdt neglectecd buoyancy

forces finally stopped : the‘penetration of the float.

If the float is not nrlsmatic, the tnstantaneous- . -
force .equation developed by the previous theory is
correct-only when V, is theiresultant welocilty.

This restriction is due to the fact that the veloclty
comporent parallel teo the keel' .causes incrazase of the
flow pattern In the flow planes heheath the flost. As
vrevicusly discussed, the momentism passed to the downwash
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is determined by the .float cross ssction at the step
without .regard to.-such nonsimilsrity of the forward .
cross sections as may have substantlel effect. on the
virtugl mass, .

Since the previpus impact theory did not.disclose
the Insdequacies discussed the proposed theory opens a
new field for study and advancement.

For the planing float the first term of equa- §
tion (19) is’ O and the hydrodynamic forcs 1s egual to the
last term. When methods of the previous impact theory
are’ used to define 'the .flow in the plane at the step,
this last term provides a theorstical V-bottom planing
formula that 1s more advanced than previous planing
theory based on an approximate flat plate and two-
dimensional flow in longitudinal planes. Also, this '’
last ‘term permits the use of planing data to evaluate
experimentally the momentum of the flow in the normal
planes for .a speclfic cross sectlon; and the complete
equatlon provides means whereby the results of such .
studies can be: used for calculating trensisent (impact)
and oscillatory motlions of the float, Examples of such _
use of experimental planing data will be shown later in
this text. v Lo B L BT

A later section of thils report will correlate both
the prevlous theory and the proposed theory with experi-
mental data for eblique and vertical impact in order to,...
show the inadequacy of the previocus thecory and the .
adequacy -of the pidposed theory. o e R

Derivation of force equations.- A prismatic float at
positive trim-is shown In figure I. The .flow_plane is
shown in the side view. The. depth of penetration of the
float Into this plane 1s represented by: z in thls'
figure. Accdording to preceding interpretations, the
momentum of the flow in the plane element (fixed in
space ) can be represented, in the case of trisngular

float cross section and similaf flow at différept qepph§

- PR

of Immersion, by -

Kz2 ds %%— : " (20)
where AT I e e DT T
2% ' pehetratibn In’ the ‘plane’ :".L: SEERR A

ds thickness of plane : -
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K ~ theoretical. cosefficient; different values specified

. by different . treatments, varies according to -
angle ol dead rise .

The force transmitted by thils plane to the float
can be obtained frdm'the following squation

M o= 2
Fp "(1t<kz ds Hf>
= K |22 QEZ + 2ﬁ<dz> ds (21)
. “..".‘.: . dt dt ’
where .
F foroe (normal to ksel) registered by individual |
p flow plane N o e . h

The' total force .can be obtalned by suwming the
forces in the Individusl flow plsnes, Thus, o

4 BT——
o1 sin T 5 d2
Fn =_‘ Eiz dt2 (g;) ds
Cr oree=0 .-

Vhen s tan-T is substituted for. =z aend, for’ fixed-
trim impact, V, 1s substituted for %%,- the following
equation 1s obtained: '

T ¢

8= :
_ » sin't av. R
=] K(Z taneT" dtn + 28 tan Tvn‘2>de
Js=0 _ N h o
o L . R '

2 gin T cos T

3 sin 7 cos8°T

Sy

The virtual mass is a fictitious mass that, 1f it 1s
considered to move at velocity V,, has the aggregate
momentumn of all the flow particles in all the-flow planes
directly beneath the float. This mass can ‘be obtained by

»
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integrating equation (20) over the wetted length; the
fig%t term of equation (22), however represents

n
det and by 1nspection

‘ Ky2 e e .

My = ————— " (33)

5 sin T cos™T .

If the moﬁentum of the float and virtual mass is to
remain constant as’ speclfied by the previous impact theory,

the last term of eguation (22) must equal - Vh?ﬁ? This
equality holds, however, only when 7V, is.the: resultant
velocity. The following algebraic equivalent of equa- -
tion (22) may be written

av.
n D
Ky3a—t—- Ky=yv, Ky2
Fp = -- —5— + > 2 C2y)
%3 sin T coscr sin T cos<T cos<T

whers _- .:P
¥ velocity normsl to water surface (Vv) '
Vp 'velocity ‘of: float parallel to kesl

=y Sin'T +' W, cos T),

R

av
The respectlve terms of eqaation (2&) represent de;ﬂ

Vgps  and the rate at which ‘omentum is imparteg to;';
the dOanash in connection with the planing actlon._

‘The momentum of the flow in the flow plane at the
step (equatilon (20)) is Ky2V /co82T, The veloolty.: Vp

1s a measure of the rate at which these planes slids™
off the step. The product of these terms is equal to the
last term of equation (2li), which is in agreement with

the theory for the momen tum passed to the downwash.

If my and the flow in the plane at the step are
determined, equation (2l4) can be obtained through direct
substitutlon of these quantitles in equatian (19). The
solution presented was chosen in order.to.explaln the
theory better.
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Homentum of the flow in the plane.- As indicated 1in
a previous . sectlion of this report, tne most advanced =~
treatment of the flow in s plane belng penetrated by a.
nontriangular prism (Wagner) is of questlonable agccuracy.
For the case of a float that is both nonprismatic and of
nonuniform cross section, the increase of the float
cross section in the stationary planes.may correspond to
an eguivalent vertlcal penetration during which the float
changes shape. Since the previous theory has not treated
thils case the.effect of the previous changes of flow
patte®n.on the flow for a given cross section 1s
guestilonable. Although this effect is not believed to be
important for conventional problems (as wlll be indicated
in a comparison of theory with experiment}, importance
would- 1imit—the proposed theory for oblique lmpact to
flogts of uniform cross sectian along the kesl; curvature
along the keel for thils case of unlform cross section
would alter only the rate of penetration of the glven
cross section into the flow planes passing beneath the
float and could be considered. o ‘ :

Although the propoged theory offers.new ways to
handle the more complicated cases, the present report
will De restricted to obtaining solutions for a triangular
prism and compaering theae solutions with experimental
data for a prism and for hull models. ) '

Aneglysis of the previous theory indicated that the
virtual mass used by Sydew (equation (17)) represents
the best theoretical solution of the flow in normal
planes for the case of the triangular prism. Since
equation (17) was derived from equation (15), this:
definition af .the virtual mass is for two-dimensilonal
flow., Probably the best way to correct for end lossg--is
by us2.of Pabst's. empirical aspect-ratlo factor. This
factor was determined as an over-gll effect, but the same
totsl- force will be obtaipned irf it is applied to the
planes. individually. The ratio of the virtual msass
corrected by the aspect-ratio factor to the two-
dimensiohal . virtual mass 1is S ' :

1 -1 o S (25)

where A 1is the aspect ratio,- which for the prismatic
float with triangular pressurs area 1is sgual to

tan 71
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Correction of equation (17) for this aspect ratio glves

- ﬁ ji'_',ré '2, _ tan T
Yp 2<26. i )__-.pz ds<l 2 tan ;3) (26)

where . =

m virtual mass-of, the flow in' the plane’

D
The gspect-ratio factor (expression (25)) was

obtained in submerged vibration tests and is somewhat

questionable. As previously discussed, the detalled

derivation of.the two-dimensional solution (equation (17))

was not glven and how far .the. iteration process was

carried and what approximations were made is not known. -

A large amount of planing data therefore was analyzed

to determine the adequacy of equation (26), :FoPf this ) R

analysis equation (19) was used in which, for planing,

the first term is 0, V_= Vcos T, V, 5 V=sin 1, and
F. cos T = W. The following equation results: ' )

o -
W = mgV® sin T cos2T 2 T

" From equation (27)

»

W
V2 sin T cosZT

ms=

(28)

Substitution of experimental values of W, V,

and T in equation (28) gave experimental values .

of mg. Substitution-im equation (26) of experimental
values of ., T, and -the value of .z at the ="~ =~  _.
step 7y/cos T gave corresponding theoretical values’
of mg. Comparison of, these values-.showed, that a .
factor of 0.82should.be inserted in‘equatfod (26)."
The following equation;bepresents the most advanced
definition of the virtuzl mass of the flow in the plane .
for the case of the trtangular prism: - S

- -

0y, = 0_82(5%éﬁ]>2?%2%:qs<%:1_53%225§u3, . - (29)-

Because of the aspect-ratio factor, equation (29).does
not. hold for small angles of dead rise. The study’

¥ ,
FEREAE IR e,
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indicéted. that the equation will be. satisfactory for
angles of dead rise between 15° and 30° but‘begins to
be unduly excessige for angles smaller.than 10° A
variation of: .cot=p. . with angle- of desd' rise may be

better than the’ variatlon of. (lL - )2 with angle of

2p -
dead rise, buL in absence of clear requirement for
change the varlation used by Wagner 1n equatlon (15) w
retained. As previously:discussed,:this variatlon
appealrred to result from arbltrary fairing through a
force sclution for 18° angle of dead"'rise, infinite
force st 90° angle of ‘déad r%se, ‘and zero force at' O
angle of'dead rise. The cot variation used prior to
that time could Have:been faired by Wagner through these
polnts; thus' it seems that Wagner probably had: some :
reason for changing the variation. B

HEquation (22) was derived on the basis that
my =:Kz€ ds.* Thid ‘équation will be correctéd'for aspect
ratio and for variation of anglé of dead rise if K 1s
replaced by.equation..(29). divided by =< ds, which
results in ' -
a

Fn

_ll

CORRELATIOR: OF THEORY WITH EXPERIMENT
oW av.

N - S
cos T' dt _
Vp = Vy sin T, and .equation (50) takes the form .

W = Q_ngwyava;sin T(i;_ “tan T - \51)
S ' ' 2 tan B
from which it can be .determined that -
L =2 T(l ;i“ T) 82( - 1) (32)
pvcy2 an B

Flgure. 2 shows.- Qomnarlsons of this. equation with experi~
mental data (reference 1) for a prismatic float.

For the.planing float. Fy. =

. ' _ -
t ryZ '3'_"
O 82"" 9 _ an T T + Vn
ﬁ 2 tan B/sin T cos T\3 cos T
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Excellent agreement exists over the range of the experi-

mental data.

—

The solid-line curwves in figure 3,'which represent
application of the proposed theory to oblique impacts,
also show good sagreement “of the theory with- expertment
These curwves and data weTre" included in reference 15

As discussed in the preceding : ‘afialysis, reference 15.
contains a proposal that a force term representing ths |
resistande ‘of the stdady-flow pattern be added to the’
force' In"the planes due to Trate of chanige of the’ flow
pattern. - Althdugh reference 1% suggests that the B
familigr .flat-plate alr-drag coefficlent of 1.28 be -
used, perhaps a better approximastion can be obtgined -
by use of the coefficients dewveloped- by Bobyleff (refer-
ence 16) for: a stream impinging on a bent lamln% " For

the more-or-less mean sngle of dead rise of 22% this

coefficient 1s 0.79; the variation with angle of dead
rise 1s .small for conventional ‘renges of angle of dead
rise. Lo = ) .

“Ifa steady—flow term based ‘on the coefficlent

‘o f G T79'1s included in .-the .force equation, a coeffioient

of 0.75 instead of 0.82 must be introduced into équa=".
tion (29) so that the results of the final solution
will e subjected to minimum change. The eguations

given-in reference 15;-which give thée s8olid-line curves

of-flgure 3, wers based -on 'such modification of egua-

+tion (22) and represent, within -1 or 2 Percert, solu-

tions of equation-(ZE)f- It order to check the equations
of -reference 15, Vv 8in T In the definition-of V

should be eliminated on the basis that for Seaplane“
impact it 1s negligible as compared with Vh cos; 1.

- Subsequent theoretical study has indicated that .
the steady-flow term represents, the force in the’ plane

. wherni thée ‘chinéa are immersed but that when the chines .j

are not immersed'this force is included in the term
representing incréase of the virtual mass of the" flow o
in the plane: anﬂ should not be added as suggsstsd in
reference 13. For thls reason the, steady-flow ferm '~
was not included’ in equation (19) and ‘subseduent equa-
tlons . ,

The effect of the empirioal correction faotor .82 _
to . Sydow!'s: virtual mass is to incrsasse:the calculatéd draft
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for planing and the calculated maximum.force for a _

severe impact about 10 percent, Without thls correc- LT
tlon Tafr.gzreemsnt thus weuld exist bet:ean theoretical

and exneerantal results,

Tle . Long-short-dash curves in figure 3 were derived
on the basis  of Wagriér's formula (for two-dimengional
flow) redured sccording to Pabstls aspsci-ratld- factor.
Even with. thils reduction the calculated forces are’ -
excessive, particularly for the steeper flight paths
(relatlve to the wave surface) that-represent severs:
Impacts - and for the higher trims (relative to the wave
surface )&t which modern seaplemes operate 1n open -
seaway iniorder to obtain maximum wing 1ift eand to
reduce the landing speed. L

The. long ~dash curves Iin figure 3 are based on the
momeritum -equation as used by Wagner. and others, but with
the definition of the wirtusl mass of the flow in the
normal plares replaced by the values used in the equa- .
tions .of the theory proposed herein, Comparison of thess
curves with. the curves of the proposed theory shows that
the method of- the previous theory stlll results in forces
that ‘are too large. Differences between the curves,
rartiocularly at bigher trims, justifies use of the newer
equatian. .

The offsets of the float with which the experimental
data af figure % were obtailned. sre glven in reference 15.
The float was a modsél of a four-engine flying boat except
that  the afterbody and chine flare were removed. Agree-
ment of the data with solutions of the proposed theory
for ths ®asse of.'a prismatic float indicates that pulled-
up ‘bow has little effect on the resultant force.

Although, as previously indicatad the proposed
theory can be used for consideration of zéro trim if the
bow shape 1s not-too blunt, solutlons for this case are
complicgted and. are Timited by the Fact that they must
be mada. for arbitrary bow shape. -Solution for zero
trim therefore 1s not given in the present paper. In
figure. %, mowever, the experimental accelerations for
zero trim can be seen to be 10 to 20 percent less than
the experimental accelerations for 3° trim.

The exnerimental data in flgure l. represent vertical
drop (v = 90 ) of the float, with which the data of
figure 3 were obtained,-with the afterbody added. The

L



NACA TN No,:21008 . _ _ : 21

drops were made at 5°?trim, and the resultant (vertical)
veloclty  therefore was not quite normal to the keel,
Since solution of squation .(30) 1s much easier when the
veloclty is normal to the keel, the theoretiecal curve in
fizgure K was obtained bg solving equatign (30) for a
flight-path angle of 87°.  The difference between 87°
and 90C flight-path angle is not important ' Agreement
with experiment is shown., : =

The foregoing oorrelations ere for the oonditions
of fixed trim end smooth water. The theoreticasl curves
»will give appraoximate represantation of free-to-trim
impact 1f used on the basis of the trim when the step
contacts the water. The case of the seaplane landing
into a swell will be approximated if the trim and the
flight~path angle are defined relative to the inelined
surface of the swell rather than relative to the hori-
zontal. ' .

Good agreement of the theory with experiment 1s
indicated but if the velocity 1s small enough the theory
will be inadequate. One resson for thils inasdeguacy is
that the dyrdmic force will be reduced so much that the
buoyancy force, which has been assumed negligible, will
become important. A second reason is that the effect of
gravity on the flow pattern, particularly with regard
to the generated wave, may be substantial.

Pertinent datgs that affect the Importance of the
gravity forces are not given in figures 1 to li, which
are based on the dynamic forces alome. The range of the
data, however, 1s sufficient to determine that the gravity
effect 1s negligible in the landing impact of all sesa-
plenes that have been flown. Some data pertaining to
thilis subject were includecd in reference 15.

f'or very low velcclties the virtual mass might he
expected to avpproach the. valus specifled by von Kérm
Such transition would reduce the virtual mass used in
the computations of the present paper about 20 percent.
The manner of thils reduction is of interest only in
connection with slow planing, for which it can be readily
determined by empirical means, :

CONCLUSIONS

The analysis of previous impact theory, modifications
of this theory, snd comparison with experiment lead to
the following conclusions:
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21, The assumptlion of previous treatments of Ilmpact
theory that the total momentum of the float and virtual <
mass 18 constamt 1ls applicable when the resultant
veloclity of the float is normal to the keel but 1s mot = = = . ___
applicable for the usugl oblique 1mpact, 1n which the B
veloclty componerit parallel to the keel dauses momentum L
to be .lost to the  downwash behind the float. '

2. Comparisorn of previous theory with recent, more
accurate .dath for obligue impact shows that -this.theory
greatly overestimates the impact force., Use-of mmower
coeffilzients in the previous theory only slightly reduces
the forces. Disagrecement-with the datsa 1is larger at the ‘-
higher trims and lower flight-path angles. _ -

3. A modified theory has been developed that twkes - ___
into ancount the loss of mamentum to the downwash. Good
agreement has been obtained with data for vertical drop,
oblique impact, and planing. '

Langley Memorial Aeronzutical Laboratory : -
. National Advisory Committee for Aeronautics .
- Langley Field, Va., August 20, 1947 .
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